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Abstract The single prefrontal configuration has historically been used as an important diagnostic character for 
many natricine taxa. For example, the genus Trimerodytes Cope, 1895 was long been regarded as a junior synonym 
of Opisthotropis Günther, 1872 for their similar prefrontal configurations and the type species, T. balteatus Cope, 
1895, has been assigned to the genus Opisthotropis. Hovvever, as the number and arrangement of prefrontal vary 
frequently both at species and generic level, it is questionable whether the synonymization of Trimerodytes reflects their 
evolutionary relationships. On the basis of recently collected specimens of O. balteata, the generic status of the species 
vvas assessed using both molecular and morphological data. Opisthotropis vvas recovered as polyphyletic vvith reference 
to O. balteata, because O. balteata is nested within the genus Sinonatrix Rossman and Eberle, 1977 and is the sister 
species of the type species of Sinonatrix. Consequently, we herein resurrect the long-overlooked synonym Trimerodytes 
from Opisthotropis and synonymize the junior generic nomen Sinonatrix with Trimerodytes. In addition, based on 
morphological similarities between the monotypic genus Paratapinophis Angel, 1929 and Trimerodytes, we doubt 
about the validity of Paratapinophis. Following taxonomic changes in this work, the taxonomic account of the genus 
Trimerodytes, updated descriptions of its type species, and diagnostic key to Trimerodytes species are provided. 


Keyvvords Paratapinophis, prefrontal scales, Sinonatrix, taxonomic revision, Trimerodytes 
1. Introduction recognized to date (Figueroa et al., 2016). This family 


represents the most morphologically diverse and vvidely 


known snake species of the world, with eight subfamilies 
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Zhao et al., 1998). VVithin the family, numbers of cephalic 
scales and their arrangements represent one of the most 
important diagnostic characters (Boulenger, 1893, 
Smith, 1943, Zhao, 2006). Regarding these head scales, 
most colubrid snakes have nine enlarged dorsal side of 
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head scales, including paired internasals, prefrontals, 
supraoculars, parietal scales, and a single frontal scale. 
Such set of head scales and their configurations are 
known as the typical colubrid configuration or “colubrid- 
elapid dorsal nine-scute arrangement” (David et al., 2015; 
O”shea et al., 2018). 

Despite the fact that such typical configuration of 
head scales is common, a great variation exits among the 
keelback snakes of the subfamily Natricinae, particularly 
for the prefrontal scales (Bourret, 1934; David et al., 
2015; Smith, 1943; Zhao and Jiang, 1981). Since the 
presence of paired prefrontals is considered to be the 
typical configuration, any variation from this condition, 
such as a single prefrontal, is regarded as an important 
diagnostic character in taxonomic delimitations, 
particularly at the generic level (Angel, 1929; Bourret, 
1934; David et al., 2015; Taylor and Elbel, 1958). 

The single prefrontal configuration is found in many 
natricine groups, including Opisthotropis Günther, 1872, 
Paratapinophis Angel, 1929, Isanophis David, Pauwels, 
Nguyen and Vogel, 2015, Hebius Thompson, 1913, 
Trachischium Günther, 1858, and Rhabdops Boulenger, 
1893 (Angel, 1929; Bourret, 1934; Kizirian et al., 2018; 
Smith, 1943; Taylor and Elbel, 1958; David et al., 2015). 
Furthermore, the morphology-based taxonomy that 
relies on the single prefrontal has resulted in taxonomic 
confusions, in which species were incorrectly assigned to 
a genus based on their similar prefrontal configurations 
(Brown and Leviton, 1961; Pope, 1935; Smith, 1943; 
Taylor and Elbel, 1958). 

Erected as a monotypic genus, with Trimerodytes 
balteatus Cope, 1895 as the sole included species, 
the genus Trimerodytes was later synonymized with 
Opisthotropis on the basis of morphological similarities, 
including the presence of a single prefrontal scale (Pope, 
1935). Most later authors followed Pope (1935) and 
considered Trimerodytes to be a junior synonym of 
Opisthotropis and its type species, T. balteatus, has been 
assigned to Opisthotropis (Brown and Leviton, 1961; 
Nguyen et al., 2009; Smith, 1943; Zhao, 2006; Zhao 
et al., 1998; Zheng, 1992). Although there have been 
recent phylogenetic studies on Opisthotropis, none of 
them included O. balteata in their analyses (Ren et al., 
2017; Wang et al., 2017b; Ziegler et al., 2017; 2018). 
Therefore, the generic assignment of O. balteata has not 
been confirmed by molecular data. Consequently, both the 
validity of Trimerodytes and the phylogenetic placement 
of its type species have remained unknown (Cope, 1895; 
David et al., 2011). 

On the basis of newly collected genetic tissues and 


specimens of O. balteata, in this study we assessed the 
taxonomic validity of Trimerodytes and the phylogenetic 
position of O. balteata. Furthermore, we examined 
the usefulness of the prefrontal configuration as the 
generic diagnosis among natricine genera. Our results 
indicate that the genus Opisthotropis is polyphyletic with 
respect to O. balteata, which is nested within the genus 
Sinonatrix Rossman and Eberle, 1977 and is sister to 
Sinonatrix annularis (Hallowell, 1856), the type species 
of the latter genus (Rossman and Eberle, 1977). As a 
consequence, we resurrect the long-overlooked synonym 
Trimerodytes from Opisthotropis and synonymized the 
junior name Sinonatrix with Trimerodytes. In addition, we 
comment on the similarities in morphological characters 
between the monotypic genus Paratapinophis and 
Trimerodytes. Lastly, we provide a taxonomic account of 
Trimerodytes, the updated description of its type species, 
and a diagnostic key to this genus. 


2. Materials and Methods 


2.1. Sampling Specimens were collected during field 
surveys from June 2015 to September 2018. After being 
euthanized, fresh liver tissues were taken and preserved 
in 95% ethanol, and then stored at —20°C for DNA 
extraction. Specimens were preserved in 1096 formalin 
in the field and transferred to 75% ethanol for permanent 
storage after fieldvvork. AlI of these recently collected 
specimens were deposited in major collections in China, 
including the Museum of Herpetology, Chengdu Institute 
of Biology, Chinese Academy of Sciences, Chengdu, 
China (CIB); the Museum of Biology, Sun Yat-sen 
University, Guangzhou, China (SYS); and College of Life 
Sciences and Food Engineering, Yibin University, Yibin, 
China (YBU). In addition, specimens were examined 
in the following collections: Institute of Ecology and 
Biological Resources, Vietnam Academy of Science 
and Technology, Hanoi, Vietnam (IEBR); Museum of 
Kunming Institute of Zoology, Chinese Academy of 
Sciences, Kunming, China (KIZ); Vietnam National 
Museum of Nature, Vietnam Academy of Science and 
Technology, Hanoi, Vietnam (VNMN); and Zoological 
Museum, Vietnam National University, Hanoi, Vietnam 
(VNUH). The topographic map was created from MAP 
WORLD, http://www.tianditu.com. 


2.2. Molecular analyses Genomic DNA was extracted 
from macerated liver tissue samples using an Ezup 
Column Animal Genomic DNA Purification Kit 
(Sangon Biotech, China), according to the protocols 
of the manufacturer. A total of 1 060 bp of the 
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mitochondrial gene cytochrome b (cyt b) was targeted 
and amplified via the polymerase chain reaction 
(PCR), using the following primer pairs: L14919 (5'— 
AACCACCGTTGTTATTCAACT-3')/L14910 (5'- 
GACCTGTGATMTGAAAACCAYCGTTGT-3'), and 
H16064 (5-CTTTGGTTTACAAGAACAATGCT 
TTA-3') (Burbrink et al., 2000, Guo et al., 2012, Wang 


Generic taxonomy of Opisthotropis balteata 


107 


et al., 2017b), PCR protocols as described by Ren et al. 
(2017). The PCR products vvere purified and sequenced 
in both directions using an ABI 3730xL sequencer by 
Sangon Biotech Co., Ltd (Chengdu, China). All newly 
generated sequences of this work were deposited in 
GenBank, and additional sequences of natricine species 
were also obtained from GenBank (Table 1). Outgroup 


Table 1 Information of samples, voucher numbers, sequences GenBank accession numbers and collection localities used in molecular 
analysis. Voucher abbreviations: SYS=Museum of Biology, Sun Yat-sen University, Guangzhou, China; CIB=Chengdu Institute of 
Biology, Chengdu, China; YBU=Yibin University, Yibin, China; IEBR=Institute of Ecology and Biological Resources, Hanoi, Vietnam; 
ZFMK=Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany; VNMN=Vietnam National Museum of Nature, Hanoi, 
Vietnam; GP=Dr. Guo Peng’s personal catalogue numbers; CAS=California Academy of Science, San Francisco, USA; MTD T=Museum of 
Zoology, Senckenberg Dresden (Tissue Collection), Dresden, Germany; SCUM“Sichuan University Museum, Chengdu, China. 


Species Voucher No. GenBank No. Locality 

Opisthotropis andersonii SYS 1001020 KY594732 Mt. Wutong, Shenzhen City, Guangdong Province, China 
Opisthotropis andersonii SYS 1001382 KY594734 Mt. Maofeng, Guangzhou City, Guangdong Province, China 
Opisthotropis andersonii SYS 1001423 KY594730 Tai Tam, HK Island, Hong Kong, China 
Opisthotropis balteata CIB 109017 MN017774 Guangxi Zhuang Autonomous Region, China 
Opisthotropis balteata CIB 109018 MN017775 Dinghu District, Zhaoqing City, Guangdong Province, China 
Opisthotropis balteata YBU 16109 MN017773 Dinghu District, Zhaoqing City, Guangdong Province, China 
Opisthotropis cheni YBU 071040 GQ281779 Guangdong Province, China 

Opisthotropis cheni SYS r001422 KY594741 Shimentai Nature Reserve, Yingde City, Guangdong Province, China 
Opisthotropis guangxiensis GP 746 GQ281776 Guangxi Zhuang Autonomous Region, China 
Opisthotropis jacobi IEBR 4329 MG545601 Tam Dao National Park, Vinh Phuc Province, Vietnam 
Opisthotropis jacobi ZFMK 100818 MG545602 Tam Dao National Park, Vinh Phuc Province, Vietnam 
Opisthotropis kuatunensis SYS r000998 KY594745 Qixiling Nature Reserve, Yongxin County, Jiangxi Province, China 
Opisthotropis kuatunensis SYS r001008 KY594746 Wulong Village, Shanghang County, Fujian Province, China 
Opisthotropis lateralis GP 646 GQ281782 Guangxi Zhuang Autonomous Region, China 
Opisthotropis lateralis SYS r000951 KY594743 Heishiding Nature Reserve, Fengkai County, Guangdong Province, China 
Opisthotropis latouchii GP 647 GQ281783 Fujian Province, China 

Opisthotropis latouchii SYS r000670 KY594742 Guadun Village, Wuyishan City, Fujian Province, China 
Opisthotropis laui SYS 1001161 KY594738 Shangchuan Island, Taishan County, Guangdong Province, China 
Opisthotropis laui SYS 1001170 KY594739 Shangchuan Island, Taishan County, Guangdong Province, China 
Opisthotropis maculosa SYS 1000946 KY594748 Heishiding Nature Reserve, Fengkai County, Guangdong Province, China 
Opisthotropis maxwelli SYS 1000841 KY594736 Nan’ao Island, Nan’ao County, Guangdong Province, China 
Opisthotropis maxwelli SYS 1001053 KY594737 Huboliao Nature Reserve, Nanjing County, Fujian Province, China 
Opisthotropis shenzhenensis SYS 1001018 KY594727 Mt. Wutong, Shenzhen City, Guangdong Province, China 
Opisthotropis shenzhenensis SYS 1001021 KY594728 Sanzhoutian, Shenzhen City, Guangdong Province, China 
Opisthotropis tamdaoensis TEBR A.2016.33 MF477901 Tam Dao National Park, Vinh Phuc Province, Vietnam 
Opisthotropis voquyi IEBR 4327 MG451046 Tay Yen Tu Nature Reserve, Bac Giang Province, Vietnam 
Opisthotropis voquyi VNMN 06315 MG451047 Tay Yen Tu Nature Reserve, Bac Giang Province, Vietnam 
Opisthotropis zhaoermii CIB 109998 MG012799 Guzhang County, Hunan Province, China 
Opisthotropis zhaoermii CIB 109999 MG012800 Guzhang County, Hunan Province, China 

Sinonatrix aequifasciata GP 357 JQ687430 China 

Sinonatrix aequifasciata S-116 KF913325 - 

Sinonatrix aequifasciata CIB 109019 MN017776 Mt. Wuyi, Wuyishan City, Fujian Province, China 
Sinonatrix annularis GP 889 JQ687431 China 

Sinonatrix annularis S-51 KF913290 - 

Sinonatrix annularis CIB 109020 MN017777 Guangxi Zhuang Autonomous Region, China 
Sinonatrix annularis CIB 109021 MN017778 Guangxi Zhuang Autonomous Region, China 
Sinonatrix percarinata GP 324 GQ281784 Sichuan Province, China 

Sinonatrix percarinata GP 956 JQ687433 China 

Sinonatrix percarinata CIB 109022 MN017779 Mt. Wuyi, Wuyishan City, Fujian Province, China 
Sinonatrix percarinata CIB 109023 MN017780 Mt. Wuyi, Wuyishan City, Fujian Province, China 
Sinonatrix yunnanensis CAS 224485 KR814685 Putao District, Kachin State, Myanmar 

Hebius johannis GP 897 KJ685708 Yunnan Province, China 

Natrix natrix MTD T 9269 HF680010 S Borup, Zealand, Denmark 

Rhabdophis leonardi SCUM 090009 KF800933 Panzhihua City, Sichuan Province, China 
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taxa were selected based on previous phylogenetic 
studies (Figueroa et al., 2016; Pyron et al., 2013), which 
include Hebius johannis (Boulenger, 1908), Natrix natrix 
(Linnaeus, 1758), and Rhabdophis leonardi (Wall, 1923). 
The DNA sequences of cyt b dataset were aligned using 
the FasParser software package (Sun, 2017) and checked 
visually for minor manual justifications. Phylogenetic 
relationships were estimated using two methods, 
Bayesian inference (BI) and maximum likelihood (ML), 
both with partitions based on codon position, which were 
selected in PartitionFinder 2 (Lanfear et al., 2017). The 
most optimum substitution model of sequence evolution 
(GTRHT for all codon positions) was selected under 
the Akaike Information Criterion (AIC). BI analyses 
were implemented by MrBayes v3.1.2 (Ronquist 
and Huelsenbeck, 2003), two runs were performed 
simultaneously with four Markov chains and the dataset 
was conducted with 10 000 000 replicates. Starting trees 
were random and the first 25% trees were discarded as 
“burn-in”, sampling one tree per 100 replications for each 
run. Bayesian posterior probability (BPP) was determined 
to test the confidence of tree topology, nodes in the trees 
were considered to be significantly supported when BPP 
> 0.95. Tracer 1.6 (Rambaut et al., 2013) was performed 
to investigated the convergence of sampled trees. 

The partitioned ML analyses were conducted using the 
most complex model GTR+T by through 100 different 
runs in RAxML 8.2.10 (Stamatakis, 2014), bootstrap 
proportions (BSP) were assessed to test the node support, 
using the rapid-bootstrapping algorithm with 1000 non- 
parametric bootstrap replicates, where nodes in the trees 
were considered to be strongly supported when BSP > 70. 

In addition to the phylogenetic analyses, uncorrected 
pairwise distances (p-distances) of the cyt b dataset 
among species of Sinonatrix and Opisthotropis were 
calculated using MEGA 6 (Tamura et al., 2013). 


2.3. Morphological data Measurements were taken with 
a digital slide-caliper to the nearest 0.1 mm, except the 
total length, snout-vent length, and tail length, which were 
measured using a measuring tape to the nearest 1 mm. 
Measurement methods and their definitions followed Zhao 
(2006) and Ren et al. (2018), and included: total length 
(TL), snout-vent length (SVL), tail length (TaL), head 
length (HL), and head width (HW), rostral length (RL), 
rostral width (RW), interorbital distance (IOD), eye width 
(EW), distance between the lower margins of eye and of 
lip (SoL), maximum loreal length (LoL), maximum loreal 
depth (LoD), maximum anterior temporal length (ToL), 
and maximum anterior temporal depth (ToD). In addition, 
to remove covariance of raw measurements for better 


comparisons, the following ratios were also obtained from 
raw measurements, including TaL/TL, HL/HW, SL/SW, 
IOD/HW, EW/SoL, LoL/LoD, and ToL/ToD. 

Definitions of pholidosis characters and their counting 
methods followed Zhao (2006) and Ren et al. (2018), 
which include internasal counts (IN), prefrontal counts 
(PrF), frontal counts (F), parietal counts (P), loreal 
counts (L), preocular counts (PrO), postocular counts 
(PtO), supraocular counts (SpO), subocular counts 
(SbO), supralabial counts (SpL), infralabial counts (IfL), 
temporal counts (TEM), chin shield counts (CS), dorsal 
scale row counts (DSR), ventral counts (VEN), and 
subcaudal counts (SC). Dorsal scale rows were taken at 
one head length behind head, at midbody, and at one head 
length before cloaca, respectively. 

In addition to the scale counts, the following characters 
were also used, including: SpL-orbit: supralabial enter 
orbit; aTEM: anterior temporal format; pTEM: posterior 
temporal format; HdN: distinction between head and 
neck; DoN: direction of nostrils; MT: maxillary teeth 
counts; and the numbers of annulated markings present 
along both trunk and tail were formulated as trunk+tail 
(eg. 42+13). Symmetric characters were given as left/ 
right, and averages were used in the comparisons, except 
for maxillary teeth and the number of annulated markings 
along lateral body, which were only counted on the left 
side. 

Morphological and ecological data of related taxa were 
based on specimens examined (Appendix 1) and from the 
literature (Brown and Leviton, 1961, Chuaynkern et al., 
2014, David et al., 2011, Günther, 1872; Huang et al., 
1990; Iskandar and Kamsi, 2009; Le et al., 2015; Murphy 
et al., 2008, Noonloy et al., 2018; Okada and Takara, 
1958; Orlov et al., 1998; Ota, 2004; Pauwels et al., 2009; 
Pope, 1935; Rao and Yang, 1998; Rasmussen, 1982; Ren 
et al., 2017; Rossman and Eberle, 1977; Smith, 1943; 
Stuart and Heatwole, 2008; Teynié et al., 2014; Toyama, 
1983; Vogel et al., 2004; Wang et al., 2017a, 2017b; Wu 
et al., 1985; Yang et al., 2011, 2013; Zhao, 2006; Zhao et 
al., 1998; Zheng, 1992; Ziegler et al., 2017, 2018). 


3. Results 


3.1. Molecular results A total of 1 060 base pairs were 
aligned for the dataset of 44 sequences, which represented 
all available 15 Opisthotropis species and four currently 
recognized Sinonatrix species, as well as three outgroup 
taxa. The BI and ML analyses of dataset yielded identical 
topologies, where the genera Opisthotropis and Sinonatrix 
were recovered as polyphyletic and paraphyletic groups 
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with regard to O. balteata, respectively (Figure 1). With 
the exclusion of O. balteata, all remaining species of 
Opisthotropis formed a monophyletic clade (clade A, 
BPP=0.99, BSP=41), whereas all species of the genus 
Sinonatrix and O. balteata formed another well-supported 
clade, clade B (BPP=1.00, BSP=100). Within clade B, the 
previously unassigned species S. yunnanensis Rao and 
Yang, 1998 was strongly supported as the sister taxon to 
S. aequifasciata (Barbour, 1908) (BPP=0.90, BSP=79). 
Opisthotropis balteata was nested within the genus 
Sinonatrix and sister to the type species of the genus 
Sinonatrix, S. annularis, with strong statistical support 
(clade B, BPP=1.00, BSP=99). 

The infraspecific uncorrected genetic p-distances of 
O. balteata ranged from 0-0.2% (Table 2). The 
p-distances varied from 8.8% to 12.4% between 
O. balteata and all analyzed Sinonatrix species [minimum 
distance to S. annularis, which was recovered as sister 
group of O. balteata (Figure 1); maximum distance to 
S. aequifasciata (Table 2)] and from 14.7% to 18.6% 
between O. balteata and all other sampled species of 
Opisthotropis (minimum to O. jacobi; maximum to 
O. tamdaoensis). 


3.2. Morphological results Morphological characters of 
our newly collected specimens of O. balteata matched the 
original description by Cope (1895) and largely agreed 
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with previous descriptions (Fan, 1931; Peracca, 1904; 
Steindachner, 1906; Zhao, 2006; Zhao et al., 1998), 
except that the slightly lower number of maxillary teeth 
(16-17 vs. 17-18, 25 by Fan, 1931) and slightly fewer 
ventral scales (187-196 vs. 194-205) (Table 3). 

Opisthotropis balteata possesses a suite of 
morphological characters that differentiate itself from 
remaining congeners of the genus Opisthotropis, 
including having (1) a relatively larger body size, TL 604— 
1 021 mm (vs. TL mostly lower than 600 mm); (2) a head 
moderately distinct from the neck (vs. barely distinct); 
(3) dorsolaterally directed nostrils (vs. dorsally); (4) a 
relatively larger eye size (vs. overwhelming small); (5) 
large maxillary teeth, which are enlarged posteriorly (vs. 
small and subequal); (6) a higher number of postocular 
[3 (rarely 2, 4, 5) vs. 1-2 (3 occur in O. kuatunensis and 
O. laui only)]; (7) the presence of annulated markings (vs. 
color uniform, with longitudinal lines, crossbars or spots); 
(8) the presence of ventral black bands (vs. uniform 
color). Although O. balteata has a single prefrontal 
similar to all species of Opisthotropis, the prefrontal of 
O. balteata differs in shape (prefrontal spindle-shaped vs. 
tricuspid or subrectangular) (Table 4; Figures 2-3). 

With the exclusion of O. balteata, members of the 
genus Opisthotropis differs from Sinonatrix in the 
following distinct morphological characters, including 
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Figure 1 Bayesian inference (BI) phylogenetic tree estimated from partial mtDNA cyt b sequences, depicting phylogenetic relationships of 
two sister genera, Opisthotropis and Sinonatrix, of the subfamily Natricinae. Numbers above branches are bayesian posterior probability and 
bootstrap proportions (BPP/BSP), respectively. Branches in red showing the nominal taxa of Opisthotropis. Exemplar dorsal side of head 
drawings showing variation in the number of prefrontals, which are the two conditions that species classified by, i.e. (1) single prefrontal (solid 
black) and (2) paired prefrontals (outlined in black). Photographs and line drawings by Jinlong REN. 
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Table 3 Morphological and pholidosis characters of Trimerodytes balteatus obtained from the literature and this work. 


Cope (1895) Peracca (1904) Steindachner (1906) 
sample size 1 1 3 
TL 377 717 280-642 
55-147 
225-495 
0.19-0.22 


SW - - - 
SL/SW - - - 
IOD/HW - - - 
EW/SoL - - - 
LoL/LoD 
ToL/ToD 


PN ra ta NI 
Bm RN R ba by 


ul 
s 


ng 
Q OX ER NI 
m 
Ww 
N 


SpL 
SpL-orbit 
IfL 

CS 
aTEM 
pTEM 2 3 

MT - 18 17-18 
DSR 19 19 19 

VEN 202 196 199-204 
SC 84 55+ 76-89 
dorsal color - - 46—49+20-27 


N = N ÇO ! 
ko ¿W 
= NOUO 


having (1) a relatively smaller body size, slenderly 
built (vs. larger, strongly built and robust); (2) a barely 
distinct head from the neck (vs. moderately or clearly 
distinct); (3) dorsally directed nostrils (vs. dorsolaterally); 
(4) a relatively smaller eye size (large or moderate); 
(5) maxillary teeth small, subequal (vs. large, enlarged 
posteriorly); (6) prefrontal single (vs. paired) (Tables 4—5, 
Figures 2—3). 

In contrast, O. balteata possesses a combination of 
morphological characters shared with the members of 
the genus Sinonatrix, including the head moderately 
or clearly distinct from the neck, large or moderate 
eyes, dorsolaterally directed nostrils, enlarged posterior 
maxillary teeth, and annulated color patterns (Table 
4; Figures 2—3). Additionally, O. balteata is similar to 
Sinonatrix by having 19-19-17 dorsal scale rows, which 
is a morphological character shared among all the four 
species of Sinonatrix (Le et al., 2015; Rao and Yang, 
1998), whereas it is unknown in any Opisthotropis species 
(Table 4). 


Fan (1931) Zhao et al. (1998) this work Total 
16 10 6 37 
604—1021 620—1000 624-902 604-1021 
148-177 130-172 120-140 120-177 
462-773 542-850 504-761 462-850 
0.15-0.24 0.15-0.21 0.19-0.21 0.15-0.24 

- - 12.23-16.84 12.23-16.84 
- - 8.42-15.20 8.42-15.20 
- - 1.08-1.45 1.08—1.45 
- - 4.33—7.64 4.33—7.64 
- - 6.50—11.31 6.50—11.31 
- - 0.64—0.70 0.64—0.70 
- - 0.51-0.62 0.51-0.62 
- - 0.86-1.38 0.86-1.38 
- - 1.05-1.34 1.05-1.34 
- - 1.66-2.94 1.66-2.94 
2 2 2 2 
1 1 1 1 
1 1 1 1 
2 2 2 2 
1(2) 1-2 1 1(2) 
3 (2, 4, 5) 3 (2, 4) 3 (2) 3 (2, 4, 5) 
9-10 (8) 9-10 9 (8) 9-10 (8) 
- 5 (4, 4-5) 5 (4) 5 (4, 4-5) 
10 9-10 9-10 (8) 9-10 (8) 
2 2 2 2 
2 (3) 1 (2) 1 1-2 (3) 
2 (3) 2-3 3 (0) 2-3 
25 - 16-19 16-19 (25) 
21-19-17 19 (21)-19-17 19-19-17 19-19-17 
194-204 194-205 187-196 187-205 
69-102 65-99 74-84 65-102 
32-47+19-28 41-54+17-26 42-44+13-17 32-54--13—28 


Furthermore, the ecology of O. balteata also matches 
the members of the genus Sinonatrix and differs from 
congeners of Opisthotropis, including diet preference 
(mainly fishes for O. balteata and Sinonatrix species 
VS. worms, small shrimps, crabs, or tadpoles for 
Opisthotropis species) and activity patterns (often 
diurnal for O. balteata and Sinonatrix species vs. strictly 
nocturnal for most Opisthotropis) (Karsen et al., 1986, 
Karsen et al., 1998; Le et al., 2015, Noonloy et al., 2018; 
Ota, 2004, Pauwels et al., 2009, Pope, 1935; Zhao, 2006, 
Zhao et al., 1998). 


4. Discussion 


4.1. Taxonomic assignment of O. balteata Despite the 
long assignment of O. balteata to the genus Opisthotropis 
(Nguyen et al., 2009; Smith, 1943; Zhao, 2006; Zhao 
et al., 1998; Zheng, 1992), one study has previously 
suggested that this generic assignment might be 
questionable. While recording O. balteata from Luoxiang, 
Guangxi Zhuang Autonomous Region, China (considered 
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Figure 2 Comparisons of head in dorsal view among species of Trimerodytes (upper row) and Opisthotropis (lower row). (A) Trimerodytes 
balteatus (CIB 109017; adult female, Guangxi, China), (B) T. annularis (CIB 11461, adult male, Wuyishan, Fujian, China), (C) T. 
aequifasciatus (CIB 11436, subadult female, Yizhang, Hunan, China): (D) T. percarinatus (CIB 109023, adult female, Wuyishan, Fujian, 
China): (E) O. cheni (CIB 78149; adult male, Yizhang, Hunan, China): (F) O. shenzhenensis (SYS 1001018; holotype; adult male; Shenzhen, 
Guangdong, China), (G) O. guangxiensis (SYS 1001739; adult male; Nanning, Guangxi, China), (H) O. cucae (IEBR A.0924, holotype; adult 
female, Sa Thay, Kon Tum, Vietnam). Scale bar 5 mm. Line drawings by Jinlong REN. 


to be O. multicinctata at the time, later synonymized 
to O. balteata), Fan (1931) suggested that the species 
was “rather isolated” from other congeners of the genus 
Opisthotropis in terms of external morphology. 

Our morphological and molecular evidences agree with 
those of Fan (1931) and show that the genus Opisthotropis 
is polyphyletic with respect to O. balteata and species of 
Sinonatrix, and the continuous recognition of O. balteata 
in the genus Opisthotropis will preclude the monophyly 
of both genera Opisthotropis and Sinonatrix (Figure 1). 
In combining evidence from external morphology and 
ecology between O. balteata and members of Sinonatrix, 
therefore, and in order to stabilize the generic taxonomy 
and best reflect the evolutionary relationships of these 
snakes, O. balteata should be removed from Opisthotropis 
and placed into the genus currently represented by 
Sinonatrix (clade B). 


However, with the inclusion of O. balteata, the generic 
name of the lineage (clade B) that is currently represented 
by Sinonatrix needs further justification. Clade B 
includes both the type species (i.e. Sinonatrix annularis) 
and other members of the genus currently known as 
Sinonatrix, plus “Opisthotropis” balteata. This latter 
species, “Opisthotropis” balteata is the type species by 
monotypy of Trimerodytes, which is currently considered 
to be a junior synonym of the genus Opisthotropis. As a 
consequence, Trimerodytes Cope, 1895 is distinct from 
Opisthotropis, and Sinonatrix Rossman and Eberle, 1977 
is a junior synonym of Trimerodytes, a generic nomen 
which has hence priority. 

Could Trimerodytes be considered to be a nomen 
oblitum? The possibility of a “reversal of precedence” 
is addressed by the International Code of Zoological 
Nomenclature (ICZN, 1999), Art. 23.9. Although the 
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Trimerodytes perc 


Trimerodytes annularis 


s balteatus D 


Opisthotropis cheni 


a ə. 
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Opisthotropis tamdaoensis f | 


Opisthotropis maculosa 


Figure 3 Lateral head (column 1), dorsal side of head (column 2), ventral head (column 3), dorsal color pattern (column 4), and ventral color 
pattern (column 5) comparisons of species of Trimerodytes and Opisthotropis. (A) T. percarinatus (CIB 109023); (B) T. aequifasciatus (CIB 
11436); (C) T. annularis (CIB 109020; adult male; Guangxi, China); (D) T. balteatus (CIB 109017); (E) O. cheni (CIB 78148; adult male; 
Yizhang, Hunan, China); (F) O. tamdaoensis (VNMN 06217; adult female; Tamdao, Vinh Phuc, Vietnam); (G) O. jacobi (VNMN 06220; 
adult female; Tamdao, Vinh Phuc, Vietnam); (H) O. cf. maculosa (SYS r001525; adult female; Zhaoqing, Guangdong, China). Photographs 


by Jinlong REN. 


taxon Trimerodytes satisfies Art. 23.9.1.2, the necessary 
condition included in Art. 23.9.1.1 is not met in the 
present case since Trimerodytes was used as a valid 
generic name by Mell (1931: 206) and Schmidt (1927: 
438), so after 1899. As a consequence, the reversal of 
precedence cannot be applied here. Hence, we resurrect 
Trimerodytes Cope, 1895 from Opisthotropis Günther, 
1872 as a valid genus, and place Sinonatrix Rossman and 
Eberle, 1977 in its junior synonymy. 

Following systematic implications as presented 
above, we present a new classification scheme of genus 


Trimerodytes. 
Taxonomic account 
Trimerodytes Cope, 1895 (Figures 4-5) 

Liparophis M. G. Peracca, 1904, Rev. Suisse Zool., 
Geneva, 12: 664. Type species: Liparophis bedoti M. G. 
Peracca, 1904. 

Sinonatrix D. A. Rossman and W. G. Eberle, 1977, 
Herpetologica, Lawrence, 33: 42. Type species: 
Tropidonotus annularis E. Hallowell, 1857. 

Type species Trimerodytes balteatus Cope, 1895 
Diagnosis (1) body size relatively large; (2) head 
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Table 5 Differences between the genus Trimerodytes and Opisthotropis. 


Characters 


Trimerodytes 


Opisthotropis 
maximum TL 870-1420 


Relative body size 
Head/neck 

Position of nostrils 
Direction of nostrils 
Eye relative size 
Maxillary teeth 
DSR 

PtO 

Dorsal color pattern 
Ventral color pattern 
Diet 

Activity 

Temper 

Defense behavior 


distinct or moderately distinct 
dorsalateral 
dorsalateral 
large or moderate 
enlarged posteriorly 
19-19-17 
3-5 


with annulated, X-shaped or V-shaped markings 


black bands present 
fishes, frogs, tadpoles 
often diurnal 
mostly petulant 


maximum TL <700 
barely distinct 
dorsal 
upward 
overwhelming small 
equal or subequal 
variable, but never in 19-19-17 
mostly 1-2 
uniform, striped, spotted or with crossbars 
black bands absent 
mostly earthworms, crabs 
mostly nocturnal 
mild, inoffensive 


bite, autotomy, odor releasing 


x Ba Wapasa. papag. Kg 


odor releasing 


Dada SA 


F 


Figure 4 Adult female specimen of Trimerodytes balteatus (CIB 109017, Guangxi, China) in preservative. (A) Dorsal view; (B) Ventral 
view; (C) Dorsal side of head view; (D) Ventral head view; (E) Lateral head view, left side; (F) Ventral cloacal region and ventral tail view. 
Scale bar 5 mm. Photographs by Jinlong REN. 
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Figure 5 General view comparisons of Trimerodytes species in life, showing diagnostic character of annulated color patterns of this genus. 
(A) T. balteatus (CIB 109017; adult female; Guangxi, China); (B) T. balteatus (CIB 109017), showing coloration before shedding; (C) T. 
percarinatus (adult male; K Bang, Gia Lai, Vietnam); (D) T. annularis (CIB 109020; subadult male; Guangxi, China); (E) T. aequifasciatus 
(IEBR 3630; adult female; Bac Giang, Vietnam; from Le et al., 2015); (F) T. yunnanensis (IEBR A.2015.12; adult male; Dien Bien, Vietnam; 
from Le et al., 2015). Photographs A, B, C, D by Jinlong REN; E and F from Le et al. (2015), respectively. 


moderately distinct from neck; (3) nostrils situated and 
directed dorsolaterally; (4) eye size relatively large or 
moderate; (5) maxillary teeth large, enlarged posteriorly; 
(6) dorsal scale rows 19-19-17, keeled at least in the 
posterior part of body; (7) prefrontal single or paired; 
(8) a higher number of postoculars, usually 3-5; (9) 


hemipenis bilobed, spinous, sulcus spermaticus not 
forked; (10) body with annulated, V-shaped, or X-shaped 
markings, become darker or vaguer with age; (11) ventral 
surface with black bands or uniformly colored. 

Etymology The generic nomen of Trimerodytes is a 


noun made of three parts: (1) the Ancient Greek tpia 


No.2 Jinlong REN et al. 


“tria”, meaning “three”; (2) the Ancient Greek uépocç 
“meros”, meaning part, component, or region; and (3) 
the Greek “dytés”, meaning diver or swimmer. The 
generic nomen refers to the three-parted (black-yellow- 
black) annulated markings and the aquatic life of the type 
species T. balteatus (Figures 3D, 4, 5A-B). The gender 
of this generic name is masculine. We suggest “Annulate 
Keelback” as its English common name, and Huan You 
She Shu ( M$ ) as its Chinese common name. 

Content Five species are currently included (listed below 
in order of: scientific name; English common name; and 


Chinese common name): 

Trimerodytes aequifasciatus (Barbour, 1908) comb. 
nov.; Asiatic Annulate Keelback; “Huan Wen Hua You 
She” ( MZY fee ) 

Trimerodytes annularis (Hallowell, 1856) comb. nov., 
Red-bellied Annulate Keelback; “Chi Lian Hua You She” 
(era) 

Trimerodytes balteatus Cope, 1895; Banded Annulate 
Keelback; “Heng Wen Huan You She” ( HELIN E ) 

Trimerodytes percarinatus (Boulenger, 1899) comb. 
nov.; Olive Annulate Keelback; “Wu Hua You She” ( 3 
HEERE ) 

Trimerodytes yunnanensis (Rao and Yang, 1998) 
comb. nov.; Yunnan Annulate Keelback; “Yun Nan Hua 
You She” ( zs PA BE ) 

Distribution Members of the genus distribute across 
southern and eastern China (including Taiwan and 
Hainan) and northern Southeast Asia (Vietnam, Laos, 
Thailand, Myanmar, and northeast India). 

Key to species of Trimerodytes (after Rao and Yang, 
1998 and Zhao, 2006) 


1 Prefrontal single; ventrals 187—205............... T. balteatus 
- Prefrontal paired; ventrals fewer than 170....................... 2 
2 Dorsal transverse lines thick, crossed, X-shaped, less 
than:29 markings: on tinkimisen 3 
- Dorsal transverse lines thin, not crossed, shape not as 
such, more than 30 markings on trunk.............................. 4 


3 Ventrals 156-165; maxillary teeth 31—35........................ 
HIGA MAGAN NAAN AA EA T. yunnanensis 
- Ventrals 142-154, maxillary teeth 22-28......................... 
E E E E T. aequifasciatus 
4 Dorsal transverse bands in contact, V-shaped; ventral 
background color grayish white; labial sutures pale, 
Lal le T. percarinatus 
- Dorsal transverse bands not in contact, bar-like; ventral 
background color redish orange; labial sutures black, 
AA T. annularis 
Trimerodytes balteatus Cope, 1895 (Figures 2A, 3D, 4, 
5A-B) 
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Trimerodytes balteatus E. D. Cope, 1895, Proc. Acad. 
Nat. Sci. Philadelphia, 46: 426. Type locality: Nodoa 
(=Nada), Hainan Island, Hainan Prov., China. 

Opisthotropis balteata: C. H. Pope, 1935, Rept. China, 
New York: 167. 

Liparophis bedoti M. G. Peracca, 1904, Rev. Suisse 
Zool., Geneva, 12: 664. Type locality: China. 

Opisthotropis multicinctata T.-H. Fan, 1931, Bull. 
Dept. Biol. Coil. Sci. Sun Yat-sen Univ., Canton, 11: 
82. Type locality: Loshiang (=Luoxiang), Kwangsi 
(=Guangxi Zhuang Autonomous Region), China. 
Diagnosis Trimerodytes balteatus can be diagnosed from 
other morphologically similar species by a combination 
of the following characters: (1) body cylindrical, TL 
604—1 021 mm, (2) tail relatively moderate, TaL/TL 
0.15-0.24; (3) head moderately distinct from neck; (4) 
nostrils directed dorsolaterally; (5) eyes moderate, EW/ 
SoL 0.86-1.38; (6) maxillary teeth mostly 16-19, slightly 
enlarged posteriorly, without diastema; (7) dorsal scale 
rows 19-19-17; (8) prefrontal single, spindle-shaped; (9) 
supralabials 9-10, usually 4th or 5th entering orbit; (10) 
ventrals 187-205; (11) dorsal scales smooth anteriorly, 
smooth or feebly keeled at midbody, tending to be 
moderately keeled rear body and on tail, outer most 
three or four dorsal scale rows along both sides of body 
smooth entirely before cloaca; (12) body brownish-red 
or brownish-yellow, encircled by 32-54 black bands 
with yellow centers, 13-28 present on tail; (13) venter 
yellowish-beige, with annulated or alternating black 
bands (Figures 2A, 3D, 4, 5A—B, Tables 3-4). 
Description Body cylindrical and elongate, slenderly 
built, size relative large, TL 604-1 021 mm, tail relatively 
moderate, TaL/TL 0.15-0.24; head moderately distinct 
from neck, not dorsally depressed; snout broad and short; 
eye moderate, EW/SoL 0.86-1.38; pupil round; nostril 
large, elliptic or round, piercing in the middle of the nasal, 
directed dorsolaterally. Maxillary teeth mostly 16-19, 
count for 25 in Luoxiang population, Guangxi, China 
(Fan, 1931), progressively increasing in size, without 
diastema. 

Dorsal scale rows 19-19-17, relatively enlarged, about 
equal in size, without apical pits; smooth anteriorly, 
smooth or weekly keeled at midbody, tending to be 
moderately keeled posteriorly, outer most three or four 
dorsal scale rows smooth entirely before cloaca. 

Dorsal scale row reductions: 

19 3+4 —3 (VEN 100-113) 
15+16 — 15 (VEN 101-114) 

19 4:5 —4 (VEN 108-117) 

or 15:16 — 15 (VEN 110-123) 
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Ventrals 187—205; precloacal not divided; cloacal plate 
divided, subcaudals 65-102, paired, with single terminal 
rigid tip. 

Rostral broad, width approximately twice as long as 
high, visible from above; nasals subrectangular, semi- 
divided; furrow from lower edge of nostrils to lower 
edge of nasals, in contact with supralabials 1—2 or 1—3 
ventrally, internasals paired, subtriangular, in broad 
contact, truncated anteriorly, curved outvvards, not in 
contact vvith loreal, prefrontal single in all specimens, 
spindle-shaped, much broader than long, penetrate into 
internasals anteriorly, both sides curved backvvards, 
frontal pentagonal or bell-shaped, longer than wide, 
shorter than snout length, length approximately equal 
to parietal sutures, penetrate into parietals posteriorly, 
parietals paired, subhexagonal, vvidth equal to parietal 
sutures, supraoculars 1/1, narrovved anteriorly, nearly 
twice as long as wide. Loreal 1/1, slightly longer 
than depth, LoL/LoD 1.03-1.34, not entering orbit, 
preocular 1/1 (2/2 in No. 2583 only, by Fan, 1931), much 
higher than long; postoculars usually 3, variable and 
asymmetric, 2, 4, 5 occasionally occur on single side of 
head, the lowest ones situated at infero-posterior corner 
of eye; subocular absent, in some cases the lower most 
postoculars encompass forwards more than three fourths 
length of lower margins of eye, nearly in contact with 
preocular, which defined as postoculars only rather than 
subocular or postsubocular. Supralabials 9-10 (rarely 8 
by Fan, 1931), usually 4th or 5th entering orbit (rarely 
both 4th and 5th entering orbit); infralabials 9—10 (8 
on single side of YBU 16060 and SYS r001677 only), 
first five in contact vvith anterior chin shields, anterior 
temporals 1-2 (rarely 3), longer than depth, ToL/ToD 
1.66-2.94; posterior temporals 2-3 (absent on right side 
of CIB 9971), usually asymmetric; chin shields two pairs, 
anterior chin shield distinctly shorter than posterior ones, 
posterior chin shields separated from each other by 1+2 
or 1+3 scales; minute granular tubercles absent. 
Coloration in life In life, the background color of dorsal 
side of the head is yellowish-beige, and dorsal side of 
head scales are densely covered by large and irregular 
black blotches. These large clusters of blotches may 
fuse together, forming several transverse belts across 
the dorsal side of the head. The intervals of these black 
belts are orangish-yellow to brownish-red, especially on 
anterior dorsal side of head, composing continuous or 
discontinuous narrow pale streaks. The pale streaks just 
after the posterior margins of parietals are always present 
and continuous, which also extend to lateral and ventral 
surface of head. Parietals are almost covered with black, 


but a pair of elliptic orangish spots are symmetrically 
present on inner sides of corresponding scales, just 
separated by parietal sutures; similar paired spots are also 
observed on internasals in some specimens. The color 
pattern of lateral parts of head is simpler and paler, only 
parts of dark blotches extend onto the supralabials, black 
and blurry labial sutures present on both supralabials 
and infralabials (Figure 5A). Ventral surfaces of head are 
uniformly yellowish-beige, while the black infralabial 
sutures are clear and striking. The first small scale that is 
located just after the first chin shield is black, connecting 
sometimes with a thick cross band posteriorly. If 
connected, such band forms a distinct black arrowhead or 
large triangular pattern on ventral head. 

The ground color of lateral body is brownish-red 
dorsally and orangish-yellow ventrally, color transitional 
zones are observed on dorsal scales of row 2-3 of both 
sides without clear boundaries. Body is encircled by 
32-54 annulated markings, each marking is a broad black 
transverse band with yellow center, which covers one 
third to one and a half the length of dorsal scale. The 
yellow center of transverse band expands on the lowest 
two or three dorsal scale rows and sometimes to the outer 
margins of ventrals. Each yellow center is bordered by 
two thick black streaks along each edge of the center, and 
these black streaks are thicker than the yellow center and 
occupy one to two the length of dorsal scale. Together, 
the yellow centers and the black streaks form a strong 
contrast color pattern along the whole body. Sometimes 
the two halves of annulated markings are not evenly 
connected along the vertebral column, thus the broad 
bands along both sides of body could be in the stagger 
arrangement. Dorsal markings are darker and more 
indistinct in larger specimens. Coloration on tail is similar 
to trunk, with 13-28 annulated markings. These lateral 
markings decreasing in width towards the ventral scales, 
until the midline of venter, which only about one or two 
ventral scale width, forming annulated or alternating 
black bands on yellowish-beige ventral surface (Figure 
5A). 

The coloration of individuals turns to a dull purplish- 
silver hue before shedding, especially for the posterior 
body (Figure 5B). In juveniles, the black annulated 
markings are thicker with clear boundaries, in strong 
contrast to the background color; the yellow centers of 
marking are absent or small spots only present near the 
vertebral column. 

Coloration in preservative The pattern of the recently 
preserved specimens resembles the coloration of live 
animals, but the light coloration on the dorsal side of head 
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fades to an yellowish hue, dorsal ornamentation becomes 
darker (Figures 3D, 4). 
Comparison Trimerodytes balteatus can be readily 
distinguished from other species of Trimerodytes by 
having a single prefrontal (vs. paired prefrontals), and 
a higher number of ventral scale count (187-205 vs. 
less than 170). In addition, T. balteatus differs from T. 
yunnanensis by having a lower number of maxillary 
teeth [16-19 (25?) vs. 31-35] and a different dorsal 
color pattern (body annulated by transverse markings vs. 
crossed by X-shaped markings); from T. aequifasciatus 
by having a moderately distinct head (vs. distinct) and a 
higher number of trunk markings (32-54 vs. 22-28); from 
T. percarinatus by having moderately keeled dorsal scales 
at midbody (vs. strongly keeled throughout) and the 
presence of labial sutures (vs. absent). Lastly, T. balteatus 
differs from its sister species, T. annularis, in having 
a different head color pattern (black streaks present on 
dorsal surface vs. absent) and a different background 
color of ventral surface (uniformly yellowish vs. red or 
reddish-orange). 

From other natricine taxa that have single prefrontal, 
T. balteatus differs from the genus Isanophis by its 
head moderately distinct from neck (vs. vvell distinct), 
eye size moderate (vs. large), and moderately keeled 
posterior dorsal scales (vs. strongly keeled throughout); 
from the genus Opisthotropis see above; from the genus 
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Trachischium by having a different dorsal scale formula 
(19-19-17 vs. 13 or 15 throughout), a different maxillary 
condition (maxillary teeth enlarged posteriorly vs. 
subequal), and head moderately distinct from neck (vs. 
indistinct); from Hebius annamensis (Bourret, 1934) by 
having 19 rows of dorsal scales at the midbody (vs. 15 or 
17), a lower number of subcaudals (65-102 vs. 116-146), 
and a higher number of ventrals (187-205 vs. 158-172); 
from Rhabdops bicolor by having paired internasals (vs. 
single), and a higher number of supralabials (9-10 vs. 5) 
(Table 6). 

Hemipenis Material not available in this vvork. Pope 
(1935) provided hemipenial descriptions based on single 
topotypic specimens as follows: The hemipenis extends 
to the ninth subcaudal plate and is spinous, the proximal 
spines being the largest. There are three much enlarged 
basal spines or hooks set in a compact, longitudinal rovv, 
the distal hook larger than the other tvvo. The lips of the 
sulcus are spinous and are most conspicuous proximally. 
Distribution Trimerodytes balteatus is currently known 
from southern China [including Hainan (Danzhou), 
Guangxi (Huaniiang, Jinxiu, Longsheng, VVuzhou, and 
Yishan), Guangdong (Luoding, Gaoyao, Zhaoqing, and 
Zhuhai), and Hong Kong), and Vietnam (Hai Phong 
(Cat Ba Island), and Bac Giang (Tay Yen Tu Nature 
Reserve)] (Figure 6). The previously reported record from 
Cambodia is rejected here (see discussion below). 


Figure 6 Distribution records of Trimerodytes balteatus based on the records from literature, museum collections, and this study. Star 
represents the type locality (Nodoa, now Nada, Danzhou, Hainan, China). 
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Natural history Trimerodytes balteatus is an aquatic 
species that inhabits torrents and mountain streams at 
low to moderate elevations. This diurnal species often 
hides under rocks in the water (Karsen et al., 1998; 
Pope, 1935). Individuals were seen foraging in streams 
or drainage ditches near villages during fieldworks at 
daytime, and two adults were encountered competing 
for a single loach, where each snake bit on one end of 
the fish. Individuals are not aggressive, and no striking 
attempts were observed, but instead all snakes released 
a strong musk when captured. In addition, tail autotomy 
was also observed (see discussion below). 

Etymology The specific epithet, balteatus, is a Latin 
adjective that means girded or belted. The term may be 
used to describe the distinctive annulated markings of this 
species. 


4.2. Variation, distribution, and behavior of 
Trimerodytes balteatus Variation of the maxillary teeth 
count are evident in T. balteatus. Fan (1931) firstly 
recorded 25 maxillary teeth for the population from 
Luoxiang, Guangxi, China, which was distinctly higher 
than the maxillary teeth counts provided by later authors 
(vs. 16—21) (Peracca, 1904, Pope, 1935; Steindachner, 
1906, this vvork, Table 3). Additionally, Pope (1935) 
recorded the maxillary teeth count as 20—21 based on 
topotypic specimens from Hainan Island, China, thus 
the maxillary teeth counts of Luoxiang Population 
provided by Fan (1931) is questionable pending further 
confirmation. Nevertheless, considering all published 
data to date, maxillary teeth of T. balteatus vary from 
16-25 among populations (Fan, 1931, Peracca, 1904, 
Steindachner, 1906). Future studies are needed to gain a 
better understanding on the population variation of this 
species. 

Regarding the distribution of T. balteatus, an isolated 
record from Cambodia is likely erroneous. Steindachner 
(1906) first reported a country record of T. balteatus 
from Cambodia based on three specimens purchased by 
Herrn Fruhstorfer. Such record was accepted by most 
later publications (Nguyen et al., 2009; Zhao, 2006; Zhao 
and Adler, 1993; Zhao et al., 1998). However, Saint- 
Girons (1972) indicated that all specimens alleged to 
be from Cambodia were actually collected in Vietnam. 
In addition, despite continuous fieldworks in Southeast 
Asia for decades, specimens of T. balteatus were only 
collected from southern China and northern Vietnam, 
and no other specimens were collected from any of the 
regions/countries that border Cambodia to date, including 
southern Vietnam, Thailand, and Laos. Therefore, we 
reject the Cambodian record of the species. 


As for the distribution records of T. balteatus within 
China, Ye and Deng (1997) reported the new provincial 
records of this species from central and southern Hunan 
Province (Mt. Mangshan, Yizhang County and Nanyue 
District, Hengyang City). These record are also erroneous 
as their specimens distinctly differ from T. balteatus by a 
combination of morphological characters: a smaller body 
size (320-490 mm vs. 604-1 021 mm), a lower number 
of ventrals (156-163 vs. 187-205), subcaudals (56-63 
vs. 65—102), and dorsal scale rows at midbody (17 vs. 
19), which probably represent Opisthotropis cheni Zhao, 
1999. Shen et al. (2014) also recorded the species in 
“southern Hunan Province”, likely from the area near the 
boundaries between Hunan Province and Guangxi Zhuang 
Autonomous Region (Figure 6). However, no detailed 
description or vouchered specimen was associated with 
this geographic distribution within Hunan Province. This 
record, if true, would represent the most northern range 
of the species. Further confirmations are needed to better 
understand the distribution and ecology of this species. 

Trimerodytes balteatus was recorded to display tail 
autotomy, which is rare in snakes (Hoogmoed and Avila- 
Pires, 2011). Fan (1931) firstly wrote that individuals 
of T. balteatus would “throw down its tail and escape 
like gekkoes”. Similarly, such tail autotomy behavior 
was also observed in other Trimerodytes species. During 
our fieldwork in May, 2016, two individuals of T. 
percarinatus (a juvenile and an adult female) autotomized 
their tails without being touched, and the autotomized part 
of the tails wiggled actively on the ground. Segmented 
myomeres were observed, and no signs of bleeding were 
found from the autotomized tail. Interestingly, such tail 
autotomy was only observed for certain populations of T. 
percarinatus in southern Guangxi Zhuang Autonomous 
Region, China, and such behavior has not been observed 
by authors or documented in other populations from 
Fujian, Hainan or Yunnan Provinces of China or Vietnam. 
Future studies are needed to understand the evolutionary 
mechanisms behind such physiological variation. 


4.3. The validity of Paratapinophis The monotypic 
genus Paratapinophis was established by Angel 
(1929) based on two neonate specimens of the type 
species, P. praemaxillaris Angel, 1929, collected in 
northern Laos. The genus was diagnosed by having 
a short, external process that extends anteriorly the 
premaxillary bone. Later, Pope (1935) recognized 
that the previously proposed diagnostic character of 
Paratapinophis was actually egg tooth of neonates, and 
he considered Paratapinophis to be a junior synonym 
of Opisthotropis. However, Pope (1935) also presented 
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distinct morphological differences that differentiate P. 
praemaxillaris from Opisthotropis, including having 
well-developed posterior chin shields, smooth scales, and 
the large body size (Pope, 1935: 164). Nevertheless, this 
synonymization of Paratapinophis was accepted by later 
authors and has not been re-evaluated for a long time 
(Brown and Leviton, 1961; Cai et al., 2015; Chan-Ard 
et al., 2015; Mo et al., 1984; Rasmussen, 1982; Smith, 
1943; Zhao, 2006; Zhao et al., 1998). 

Recently, Murphy et al. (2008) resurrected the genus 
Paratapinophis from Opisthotropis as a valid monotypic 
genus on the basis of morphological characters from 
newly collected specimens. Murphy et al. (2008) 
stated that Paratapinophis differs from Opisthotropis 
in possessing a distinct head from neck, with keeled 
tubercles in the middle of dorsal scales, sexually 
dimorphic scale ornamentation and coloration, a large and 
robust body, a lower number of maxillary teeth, and two 
pairs of posterior chin shields. Later David et al. (2015) 
accepted this revalidation, regarding Paratapinophis as 
a valid, monotypic genus. However, David et al. (2015) 
only compared the resurrected Paratapinophis with 
natricine taxa that have a single prefrontal. 

Based on our survey of reported morphological 
characters, we found that Paratapinophis shows a 
high level of similarities with respect to Trimerodytes 
(Table 4). The previously proposed generic diagnoses 
of Paratapinophis and Trimerodytes are identical in 
having: (1) head distinct from neck, (2) dorsolaterally 
directed nostrils, (3) large or moderate relative eye 
size (after standardizing by EW/SoL, see method), 
(4) posteriorly enlarged maxillary teeth, (5) large and 
robust body, (6) same number of dorsal scale rows 
(19-19-17), (7) same numbers of pre- and postoculars 
(mostly 1 and 3, respectively; the lowest postocular was 
construed to be subocular by Murphy et al., 2008), (8) 
overlapping ventral and subcaudal scale counts, and 
(9) similar V-shaped markings of dorsal color patterns 
(Table 4). 

In addition, the remaining diagnostic characters of 
Paratapinophis provided by Murphy et al. (2008) vvere 
believed to be not characteristic in Paratapinophis. 
Firstly, the “small tubercles in the middle of the scale” 
were in fact a specialized keel, which were also shared in 
other genus (i.e. Opisthotropis andersonii; unpublished 
data). Secondly, the mention of “two pairs of posterior 
chin shields” is doubtful, because such character was 
never mentioned by any of the previous authors, including 
the original description and its illustration (Angel, 1929: 
77, figure B). In addition, Pope (1935: 164) also failed to 


recognize the two pairs of posterior chin shields, whereas 
in Trimerodytes species, the posterior chin shields usually 
separated from each other by two scales only (Figure 3). 
Thus the “inner posterior pair” chin shields described 
by Murphy et al. (2008) are likely the smaller scales 
between posterior chin shields, as a universal condition in 
colubrids rather than “two pairs of posterior chin shields”. 

Therefore, given the high level of similarities between 
Paratapinophis and Trimerodytes, and the questionable 
morphological diagnosis of the former genus in recent 
literature, Paratapinophis is most likely a junior synonym 
of Trimerodytes, and its type species, P. praemaxillaris, 
is likely a member of Trimerodytes with single prefrontal, 
which is similar to T. balteatus. We recommend future 
phylogenetic studies on Paratapinophis to confirm its 
taxonomic status and resolve its relationship with respect 
to Trimerodytes. 


4.4. Prefrontal variations of natricine snakes 
Variations of prefrontal scales historically play an 
important role in natricine snake taxonomy, particularly 
at generic level (Angel, 1929; Bourret, 1934; David et al., 
2015). However, different genera often share the same 
untypical prefrontal configuration (e.g. single prefrontal 
in Opisthotropis, Trimerodytes, Paratapinophis, and 
Isanophis) (David et al., 2015; this work). Furthermore, 
variations from the standard configuration are also 
common among congeners (e.g. genus Trimerodytes, 
Hebius, and Trachischium), and even among 
populations or individuals (e.g. Pseudagkistrodon rudis 
multiprefrontalis and Hebius annamensis) (David et al., 
2015, Kizirian et al., 2018, Smith, 1943, Zhao and Jiang, 
1981, Zhao et al., 1998) (Figures 1, 7, Table 6). 

As results, the historical overemphasis on the 
diagnostic value of prefrontal scales has resulted 
in misleading taxonomic hypotheses, including the 
mis-assignment of Trimerodytes balteatus and the 
establishment of synonym such as Parahelicops (Kizirian 
et al., 2018; Ren et al., 2018). Given the high level and 
high frequency of variation in number and configuration 
of prefrontal scales in the subfamily Natricinae (Figures 
1, 7; Table 6), we argue that their diagnostic importance 
should not be overemphasized, and we call for future 
studies on the scale evolution among snakes to better 
understand the evolutionary and taxonomic significance 
of different groups of scales. 
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Figure 7 Comparisons of head in dorsal view among species of subfamily Natricinae, showing the variations in the number of prefrontals 
among different groups. (A) Opisthotropis latouchii (from Wu et al., 1985); (B) Paratapinophis praemaxillaris (neonate; from Angel, 
1929); (C) Trimerodytes balteatus (from Zhao et al., 1998); (D) Hebius annamensis (from Bourret, 1936); (E) Trachischium guentheri (from 
Boulenger, 1893); (F) Rhabdops bicolor (from Smith, 1943); (G) Atretium yunnanensis (from Zhao et al., 1998); (H) Pseudagkistrodon rudis 
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Appendix 1 Specimens examined. 


Trimerodytes annularis (n=6) China. —Fujian Province. CIB 11460, CIB 11461, CIB 11466, Wuyishan City, Mt. Wuyi, 
Xing Village. —Zhejiang Province. CIB 78066. —Guangxi Zhuang Autonomous Region. CIB 109020, 109021. 

Trimerodytes aequifaciatus (n=3) China. —Hunan Province. CIB 11435, CIB 11436, Yizhang County, Mt. Mangshan. 
—Fujian Province. CIB 109019, Wuyishan City, Mt. Wuyi. 

Trimerodytes balteatus (n=6) China. —Guangxi Zhuang Autonomous Region. CIB 9971, Guigang City; YBU 16015, 
YBU 16060, Cangwu County; CIB 109017. —Guangdong Province. CIB 109018, Zhaoqing City, Mt. Dinghu; 
SYS 1001677, Luoding City. 

Trimerodytes percarinatus (n=5) China. —Fujian Province. CIB 109022, CIB 109023, Wuyishan City, Mt. Wuyi. — 
Sichuan Province. CIB 102922—102924, Chengdu City. 

Opisthotropis andersonii (n=12) China. —Hong Kong. SYS 1001423, HK Island, Tai Tam; SYS r001424, Tai Mo Shan. 
—Guangdong Province. SYS r000607, SYS r001017, SYS 1001020, SYS 1001082, SYS 1001672, SYS 1001673, 
Shenzhen City, Mt. Wutong; SYS r000803, Shenzhen City, Mt. Yangtai; SYS r000893, Shenzhen City, Dapeng 
Peninsula; SYS 1001382, SYS 1001383, Guangzhou City, Mt. Maofeng. 

Opisthotropis chent (n=31) China. —Hunan Province. CIB 78146-78149, SYS r000369, Yizhang County, Mt. 
Mangshan; SYS r000300, Shuangpai County, Mt. Yangming. —Guangdong Province. CIB 98273, KIZ 04752, 
KIZ 04759, SYS 1000007, SYS r000010, SYS 1000040, SYS 1000045, SYS r000050, SYS r001293-r001295, 
YBU 12110, YBU 071040, YBU 071042, YBU 071046-071050, Ruyuan County, Nanling National Nature 
Reserve; SYS 1000764, SYS 1001688, SYS r001743, SYS 1001808, Yingde City, Shimentai Nature Reserve; SYS 
1000934, Lianzhou City, Mt. Dadong. —Guangxi Zhuang Autonomous Region. SYS 1001804, Guanyang County, 
Qianjiadong Nature Reserve. 

Opisthotropis cucae (n=1) Vietnam. —Kon Tum Province. IEBR A.0924 (holotype), Sa Thay District, Chu Mom Ray 
National Park. 

Opisthotropis guangxiensis (n=19) China. —Guangxi Zhuang Autonomous Region. KIZ 01597, KIZ 01598, KIZ 
027352, SYS r001477, Jinxiu County, Mt. Dayao, KIZ 027369, Xing”an City, Mt. Maoer; SYS 1001736, SYS 
1001739, SYS 1001740, Nanning City, Wuming District, Mt. Daming, SYS r001547-r001549, Longsheng County, 
Huaping National Nature Reserve. —Guangdong Province. KIZ 024824—024826, Luoding City, Fuhe Town; SYS 
1001446, SYS 1001447, SYS 1001686, SYS 1001799, Xinyi County, Dawuling Nature Reserve. —Hunan Province. 
KIZ 08792, Jiangyong County. 

Opisthotropis jacobi (n=3) Vietnam. —Vinh Phuc Province. VNMN 06219-06221, Tamdao, Tamdao National Park. 

Opisthotropis kuatunensis (n=15) China. —Fujian Province. SYS 1001008, Shanghang County, Gutian Town; SYS 
1001746, Dehua County, Mt. Daiyun. —Jiangxi Province. SYS 1001851, Guixi City, Yangjifeng National Nature 
Reserve; SYS 1000737, SYS 1000745, Shangrao City, Guangfeng District, Tongboshan Nature Reserve; SYS 
1000998, Yongxin County, Qixiling Nature Reserve; SYS r000356, Jinggangshan City, Mt. Jinggang. —Guangdong 
Province. SYS r000606, SYS r000615, SYS 1000623, SYS 1001081, Shenzhen City, Mt. Wutong. —Hong Kong. 
KIZ 05770, KIZ 05776, Tsuen Wan District. —Unknown locality. SYS r000026, SYS r00576. 

Opisthotropis lateralis (n=38) China. —Guangxi Zhuang Autonomous Region. SYS 1000262, Jingxi County, Xinling 
Village; SYS r000394, Shangsi County, Shiwandashan National Nature Reserve; YBU 14465, YBU 14477-14479, 
Fangchenggang City, Fangcheng District, Fulong; YBU 14516-14523, Guigang City, Mt. Pingtian, KIZ 79074, 
Beiliu City, Mt. Darong; YBU 091014. —Guangdong Province. SYS 1000951, Fengkai County, Heishiding Nature 
Reserve; SYS 1001149, Zhaoqing City, Mt. Dinghu; SYS r000608, SYS r000612, SYS r000616, SYS 1001019, 
SYS r001080, SYS 1001389, SYS 1001671, Shenzhen City, Mt. VVutong.—Yunnan Province. CIB 103778, CIB 
103779, Hekou County. —Hainan Province. SYS r000367, Haikou City, Dazhipo Town. —Hong Kong. KIZ 
05768, KIZ 05774, Tsuen Wan District. Vietnam. —Cao Bang Province. VNMN A.2016.15. —Quang Ninh 
Province. VNMN A.2016.14, Bai Tu Long; IEBR A.2016.35, Dong Son Ky Thuong. —Bac Giang Province. IEBR 
A.2016.36, IEBR 3629, IEBR 3644, IEBR 3645, Tay Yen Tu. —Quang Nam Province. IEBR.83, Mt. Ngoc Linh. 

Opisthotropis latouchii (n=68) China. —Fujian Province (n=18). SYS 1001289, Wuyishan City, Guadun Village; CIB 
9983, CIB 9988, CIB 9990-9994, CIB 9998-10000, Wuyishan City, Tongmu Village; SYS r000671, Wuyishan 
City, San’gang Village, KIZ 01984, SYS 1000670, SYS 1000677, SYS 1001723, Wuyishan City, Mt. Wuyi; SYS 
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r001287, Shaowu City, Longhu Forestry Station; SYS r001724, Ninghua County, Mt. Yashu. —Jiangxi Province 
(n=24). SYS r000296, SYS r000309, SYS r000358, SYS r000359, SYS r000421-r000423, SYS r000991, 
SYSr000993, SYS r001253, SYS r001255, SYS r001298, SYS r001300, SYS r001303-r001306, Jinggangshan 
City, Mt. Jinggang; SYS r000776, Shangrao City, Guangfeng District, Tongboshan Nature Reserve; SYS r000961, 
Chongyi County, Qiyunshan Nature Reserve; SYS r000979, SYS r001470, Anfu County, Mt. Wugong; SYS 
r000987, Jing'an County, Jiulingshan Nature Reserve; SYS r001004, Anyuan County, Sanbaishan; S YS r001370, 
Xinfeng County, Mt. Jinpen. —Zhefiang Province (n=1). SYS r001771, Pan”an County, Mt. Dapan. —Guangxi 
Zhuang Autonomous Region (n=8). KIZ 07638, Gongcheng County; SYS r000843, Jinxiu County, Dayaoshan 
National Nature Reserve, SYS r000853, Lingui County, Huaping National Nature Reserve; SYS r001846, Fuchuan 
County, Yangxi Village, KIZ 024859, KIZ 024893, KIZ 027354, SYS r001530. —Guangdong Province (n=3). SYS 
1000753, SYS r001449, Renhua County, Huangshakeng Village; SYS r001628, Shixing County, Mt. Longdoufeng. 
—Hunan Province (n=13). SYS 1001322, Hengshan County, Mt. Hengshan; SYS r001468, Hengdong County, 
Chuankou Town; SYS 1001791, Liuyang City, Dawei National Forest Park; SYS 1001793, SYS 1001794, Zixing 
City, Dongjiang Lake; SYS 1000368, SYS 1000371, Yizhang County, Mt. Mangshan; SYS r000823-r000825, 
Yanling County, Taoyuandong National Nature Reserve; KIZ 04527, KIZ 04528, Taoyuan County; SYS r001646, 
Pingjiang County, Mt. Mubu. —Guizhou Province (n=1). KIZ 057014, Leishan County, Qilichong Village. 

Opisthotropis laui (n=6) China. —Guangdong Province. SYS r001161, SYS r001169-r001171, Taishan City, 
Shangchuan Island; SYS r001622, SYS 1001623, Enping City, Qixingkeng Natural Reserve. 

Opisthotropis maculosa (n=8) China. —Guangxi Zhuang Autonomous Region. SYS 1000393, SYS r000537, SYS 
1000538, Shangsi County, Shiwandashan National Nature Reserve. —Guangdong Province. SYS 1000946, SYS 
1001350, SYS 1001525, Fengkai County, Heishiding Nature Reserve; SYS 1001515, Xinyi County, Dawuling 
Nature Reserve. Vietnam. —Quang Ninh Province. IEBR A.2016.34, Hai Ha District, Tai Chi Village. 

Opisthotropis maxwelli (n=7) China. —Fujian Province. SYS 1001053, Nanjing County, Huboliao Nature Reserve; 
SYS 1001273, Shanghang County, Wulong Village; KIZ 024861, Zherong County. —Guangdong Province. SYS 
1000841, Nan”ao County, Nan’ao Island; SYS r001454, SYS 1001571, SYS 1001572, Fengshun County, Mt. 
Tongguzhang. 

Opisthotropis shenzhenensis (n=6) China. —Guangdong Province. SYS r000635, SYS r000636, SYS 1001018 
(holotype), Shenzhen City, Mt. Wutong; SYS r001021, Shenzhen City, Sanzhoutian; SYS r001032, Shenzhen City, 
Mt. Tiantou; SYS 1001145, Dongguan City, Mt. Yinping. 

Opisthotropis tamdaoensis (n=6) Vietnam. —Vinh Phuc Province. VNUH 010606 (holotype), IEBR A.2016.32, IEBR 
A.2016.33, VNMN 06216, VNMN 06217, VNMN 06222, Tam Dao. 

Opisthotropis zhaoermii (n=3) China. Hunan Province. CIB 109998-110000 (type series), Guzhang County, Zuolong 
Gorges. 


